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NATIONAL ADVISORY COMMITTEE FOR AEROFAUTICS
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ADVANICE CONFIDENTIAL REPORT

a¥ ADDITIONAL INVESTIGATION OF TLE  HIGH-SPLED

LATERAL-CONTROL CHARACTERISTICS OF SPOILERS

- 3y Edpund V, laitone and James L, Sumnmers’
SUMMARY

The cherectoristice of partinl-span spoilers located at
0,7% of the chord on-Aan NACA €€-~series-tapered wing, nmarticu-
larly at- high speeds,- were investigated, The effect of saall
spoller projections was found to increase with an increase in
speed until tho criticai Much number was excecded, Tho data
indic=te that a sjoiler having a snall jrojection in frnnt of
an alleron provides a considerable incrcese in coutiol, - e 2
einlly at nlgh speeds, A spoiler projrcting from the u;,er
wing surface produccd no adverse effects on tho aileron,
However, spoilers projecting from bdoth upper and lower sur--
faces, whicii wero invesatig.ted as a poseidble control for tail-
lége iirplancs, produced serious buffoting and reversal of the
hinge. mowonts of the ailcron, '

INTRODUCTION

.

Prcvious tests (rofereunco 1) snowed that-a spoilar in
front of o convontionnl eileron will incrense the rolling uo-
ment ac well es decronsc the stick force, At high spoods,
even n small projoecticn of the speciler produced & large in-
ereasc in the lateral-control offcctiveness, In referonco 1
it was elso cuggested that o~ spoiler could bec used in freat
of the vlevotor of a convonticanl taill planc for additicnal
control at high speads, The possibility of using spoilers
for the dircgtionnl cr longitudinal centrol of tajlleze alr—
planos was also notod,

The present invecstigation wns made to provide ‘further in-
foranticn on the effect of n spoiler, espeeirlly rt high
speods, Sanller and larger espoilers were tested over ua ux—
tended spocvd rouge, 1In addition, spoilors prejecting simul—
tanocusly on tho upper and lowor surfacos wore investissted,
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¥ACA ACR No, 5228
APPARATUS AND METHOD

Th> .cdel tected was a somispnn low-dragz (NACA €6-
sorles) taperod wing (fig, 1{(a)), It was mounted in the
16~foct wvind tunnel of the Ames Anrronautical Laboratory, as
shown ia figure 2, This model was cne used for tho tests
roportod in reference 1 oxcept thaut tho mileron nose balanec
wag 0,45 of tho nileron chord (fig, 1(b)) and moet cof tha
spoller dntn were obtained vwith the aileron unsealed,

The spoilers extended along the C 7S5~chord line of the
wing surfoeces and projected normal to the surfaces directly
in front of the aileron (fig, 1l{(a))., The span was the same
as that of the ailoron, 0,41 of the wing scemispan, and the
inboard onds of both the spoiler and aileron were at 0,5 of
the wing scmiepan, Thoe spoilor projections ranged from 0, 005
to 0,08 of the local wing chord (c¢), All the spoilers had
smocth plrne surfaces exccpt the 0.04c slotted spoiler which

had 1/4-inck-wide slots spaced 1/2 inch center to center
(fig. 1(b)),

The spoiler tests were made with the wing surfaces smooth
and witih the alleron unsealed, Since the gap at tho leading
edge of the alleron balanco was large relative to the cover
plato nap (fiag, 1(b)), the unsealed alloron should have the
characteristice of 2 plain undbalanced aileron, In order to
detormine the c¢ffect of a complete alleron scel, howaver,
additionnl tiosts were made with the 0,02¢ apoilcr wherein the
nosc ani both ends of the aileron balance wero seacled with
thin sicot rubber, The effact of rcughress on tho action of
the 0,02c spciler was inveetigated by applying a 3/3-inch-
wide strip ¢f No, 60 carborundum particles nt tho 0,10-wing-
chord linc nlong the entire span of the upper ond lower sur—
faces, .

The ralative nmount of silaron buffeting was determined
in cach coese by observing tho hinge-moment indicator, As o
check on thls observation, sevornl tests wero made reetrain—
ing tho :ileron by hand only,

The tests wore made through a Mach number range of 0,188
to 0,75 with a corresponding Reynolde number range of 5,000,000
to 13,800,000 bneod on thas mean aerodynamic chord of 3, 84 feet
The rclation between the Reynolds number aad the Mach nunber
for these tosts 1e shown in figure 3,
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STMBOLS
The symbols used in the prescntation of the results
ure dofiacd us follows:
M Maci: number based on tunnel-—cmpty calibration

dynauic pragsura of the sir_streom bascd on the tunnol-

eapty calibration lpvi

rolling-moment cocfficlent (L'/qbS)

yawing-moment coefficient (N!'/qb$§)

pitching—-moment cocfficicnt .

a5(K,4,C,)
drag coefficient (D/qS)

11ft cocfficient (L/qS§)

aileron hinge-mcement coafficlent (H/qbge,®)

winaz chord, fecot

ailaren cheord ucasurcd aleng airfoil chord line froa
hinge axie of allcren to tralling edge, foet

rootl-mean—-gquare ciiord of the allcron, foot

v

twicce span of the scmispan model, fout
'. allzarcn sprn, foet
twice arca of semispun nodel, square feot

uncorrectced rolling momeat, duo to aileron and/or
spoller, absut wind axis in plerne of symmetry (at
the wind-tunnel wnll), foot—pounds

uncorrected yawing mom:nt, duc -to nilcron and/or
spoller, rbout wind nxis in plane of syanctry (nt
tko wind-tunnel wall), foot—pounds

twice uncorreccted pitching mowment (adbeut %c of M,A,C.)

of scmigpan uodel and strut, foct—pounds
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curve slope was increased by the spoiler, TFigures 17 ~nd 19
show how much the spoliler increased the rolling moment ard
at the same time decreasecd thc ailcron hinge monment,

Plgure 19 shows the effect on tho aileron hinge nemaent
of C,0lc espoilcrs projectcd on thc uppur and lowWer surfacos
simultancously, The reversal in the alleron Linge mouanut
bocand oxcegsive for larger spoiler projectidns, ' Also, the
aso of both upper-surfoce aud lower—surface spoilcrs ia
front of the allerons produccd dufreting wahich dbeceme violent
as the Mech nuab.r increnascd above €. 5, . Hewever, thu 0,02¢
spoilcr on the upper :zurface slone prnduced no more shnking
of the alleren thnn was pruvsent with no spoiler, Ccnsequant-
ly, in front of a hinged flap 2 spciler proJjeccting from cnly
one surfacc ¢t a time should be uecd, Spollers on voth sur—
faces mey provide ceatrcl fur a tnilless airplance, Hovever,
it does not seem possible to eufficiently isolate the desired
effect, Fov exauple, filgures 6 and 8 show that an lncreasso
in 1ift wouwld te accoupanied by a negative pitching mement
while @ positive pitching moment wouwld be accompanied bdy a
decroasc in 1ift, theroby making a pull-eut froa a dive veory
difficult, . -

Figurcs 4, €, and 8 show that the slots in tac 0,04c
spoiler decressed its effoct on the rolling mom:nt, piltching
moment, and 11ft g0 that it became approximatoly cquivalunt
to a 0,02c unslotted spoiler, TFigure 19 shows thnt tha slots
reduced the oeffect of tho 0,04c spoiler in decrersing the
allcron hinge moment to thnt of a 0,00Fc unslotted spoiler,
Also, tho slots produced a slight bdbuffuting cf the aileron,

Figurcs 20 and 21 show that the complute aileron seal
had only o slight effcet on the change in rolling moment -
produccd by the 0,02¢ spoller. The cffeet of the sonl on
tho hinga uonent, however, seems te bce beneficinl £t tho
higher spe=ads,

Pigurcs 22 and 23 show that, in genernl, the roughness
at 0,10c ducrcases the effect of the 0,02¢c spoilar as would
be expected, However, tho change is surprisingly small in
view of the rearward location (0,75c) of the spoiler,

The data show t“at for a Mach number range of 0,% to
0,7, wvherein thc Reynolds numdber varied from 7,70C,0C0 to
13,800,000, the 0,05 spoilcr was at least half ae effective
ae o 0,0lec spoiler, PFigurc 19(b) shows that the hingc moncnt
of the aileron variod uniformly with ailoren doflection
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when the spollor projoction was O,05¢, The effoctiveness

0 tho small spollcr projections in those tosts may bo
aitributod to the largo Reynolds numbers and low nirstrcam
turbulende, Previous tests (reforcnce 2) of conventional
wing scctions at a Mach numder of 0,05 and a Reynolds nnumber
of only 2,000,000 with ~ rolatively high air-etroam turbdu~
lonco indicated thet spoiler projoections of 0,0lc or leoss
havec no offeet on the rolling momont, Figure 24 shows that
- the rolling moment due tc the 0,00Rc spoiler docreased whon
. the Reynoldie nuzmbour became less than 7,700,000, Flguros 14
and 15 shcw thet at 2 Roynolds number c¢f 5,000,000 the 0,08¢
spoiler produced vory 1little rclling m-uzent, but the ynwing
moaont it produced was still approximately half thet for a
0,10c¢ spoilaer, Under flight conditions whero the air-stroenn
turdbulonce is low, at lcast for wing tips and %ail surfnces
out of the elipstream, tho vffects of the small spoiler pro-
Joction shonld bde similur to thosec presontod in this roport
if the surfzces arc falrly snooth,

It should be noted that the Reynolds numnber and Mach
numnber wcre varied simultanpously, and, therefore, the ef-
focts of iadependently varying the Reynolds number or the
Mach’ nuuber ecannot de pruc;soly determincd from theso data,

-

RECOMMENDATIONS

Spoilors alone can provido gufficiont'lateral control
so that thoy could roplace conventional silerodns, Howaver,
a timo-motion study would have to be made in order to deoter-—
mino tho suitubility of this type of spoiler for lutcral
control,

Spoilérs projvecting from botk uppor and lcwer surfaces
may provide control for tallless anirplancs, but a timo—nmotion
study snd o furthor invostigrtion of the buffoting of this .
arrangoMcnt would be nocessary,

Porlicps tho bost possibility lics in using » sxmall
spoilor projection in front of a hinged flap., The timu leg
and duffoting of this combination should bo nogligible, It
would probadbly be best to select the siza of the hinged flap
so thnt only spoiler projoctions less than 0, 02¢ would be
required since the emaller spoiler projections arec propor-’
tionntely worec effective, at lenet for speeds not excoecding
the critical Mach number, However, nn arrangoment should bo
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providcd so that larger spoiler projecticns could be uscd
for spaonds greater than the criticnl Mach number,

Ancs Aceronnutical Laboratory,
Anticnnl Advisory Committee for Acronnutics,
Moffett Field, Calif,
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Figure 2.- Tapered wing model mounted in the AAL 1l6-foot
wind tunnel. Spoiler and alleron test.
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